Objective: Catheterization to measure bladder sensitivity is aversive and hinders human participation in visceral sensory research. Therefore, we sought to characterize the reliability of sonographically estimated female bladder sensory thresholds. To demonstrate this technique's usefulness, we examined the effects of self-reported dysmenorrhea on bladder pain thresholds.
I nterstitial cystitis/bladder pain syndrome (IC/BPS) and overactive bladder (OAB) affect approximately 15% to 20% of adult women in the United States. 1, 2 Despite this high prevalence, our understanding of the underlying pathophysiology of these conditions is limited. Investigations surrounding the mechanisms responsible for increased bladder sensitivity would be useful for clarifying the primary causes of IC/BPS and OAB. However, it remains challenging to conduct large scale, longitudinal studies, particularly in patients with pelvic pain, using the conventional method of retrograde bladder cystometry 3 because catheterization is uncomfortable and can cause bladder infections. Furthermore, these evaluations may not accurately reflect bladder function in that they impose a retrograde source of stimulation onto the bladder's afferent nerves and use higher filling rates than natural diuresis. Even worse, with IC/BPS patients who often have both enhanced sensory and pain thresholds in the urethra and bladder, there may be persistent discomfort or even pain flares induced during such diagnostic testing. Consequently, there is a need for a reliable, noninvasive, and more physiological method of quantifying visceral sensitivity in patients with abnormal bladder function.
Noninvasive bladder sensory testing would also be highly useful in screening asymptomatic, at-risk populations with latent bladder sensitivity. Although the pathophysiology of IC/BPS remains enigmatic, several comorbid conditions are implicated as contributing factors. Most notably, 65% of women with chronic genitourinary pelvic pain also report moderate to severe menstrual pain. 4 Similarly endometriosis, closely associated with dysmenorrhea, increases the risk for IC/BPS by 4-fold. 5 Women with dysmenorrhea exhibit increased sensitivity to both somatic stimuli and to colorectal distension, suggesting that these findings might extend to other visceral pain conditions such as IC/BPS. 6, 7 In fact treating dysmenorrhea hormonally alleviates organ-specific pain in IBS and urinary calculosis. 8 Thus, to understand the mechanism of heightened visceral sensitivity better, studies are needed to determine if dysmenorrhea specifically produces alterations in bladder nociception, mechanoreception, or capacity.
The reliability and reproducibility of 2-and 3-dimensional ultrasound has been previously studied to some degree for measuring bladder volumes [predominantly to assess postvoid residual (PVR)], with 3-dimensional techniques clearly more accurate. [9] [10] [11] We recognized this volume measurement technique could be modified into a noninvasive visceral pain test, with serial measurements of increasing bladder volume coupled with simultaneous acquisition of repeated report of relative bladder pressure and pain. Many prior mechanistic studies of bladder pain patients using cystometry have been fairly small, pointing out the need for broadly acceptable visceral pain measures. 12, 13 In this project, we sought to estimate the validity and reliability of a more physiological method for determining bladder sensory thresholds: 3-dimensional transabdominal sonographic measurement of bladder volumes. The additional information regarding bladder nociception, mechanoreception, and capacity was subsequently used to examine the mechanism by which dysmenorrhea might increase bladder pain sensitivity.
MATERIALS AND METHODS

Participants
The primary aim of this study was to estimate physiological bladder sensory thresholds with 3-dimensional transabdominal ultrasound and determine the validity and reliability of these measures. All study procedures were conducted between June and September 2009. Eligible women had to be 18 years of age or older and generally healthy. Exclusion criteria included pregnancy, an active bladder infection, or suspected infection without a recent medical evaluation, stage III or greater bladder prolapse (defined as the patient able to feel her vagina prolapsing outside of the vaginal opening in a resting state), and ongoing use of diuretic medications. Participants were recruited using Internet and paper-based community advertisement boards. Informed consent was obtained from all participants. The NorthShore University HealthSystem Institutional Review Board approved this study.
Overall Protocol
An example timeline is shown in Figure 1 and general description of the protocol sequence is described in the figure legend. Before the visit, participants were asked to hydrate with 12 oz of water 1 hour before the visit and abstain from caffeine the day of testing. After reading and signing the consent form, participants completed a brief demographic and general health questionnaire. Menstrual cycle phase was estimated based on self-reported last menstrual period, as prior studies have shown a relationship between cycle phase and self-reported visceral sensitivity. 14 Next, they emptied their bladders and received a baseline ultrasound scan in supine position. After this initial scan, participants were asked to drink 20 oz of water within 5 minutes to further encourage diuresis. They began observation seated in a private room, and were offered Sudoku puzzles and popular magazines to peruse while waiting. They were instructed not to do other tasks, such as make phone calls.
Participants received a list of verbal descriptors of the 3 levels of bladder urgency, first sensation (V fs ), first urge (V fu ), and maximum tolerance (V mt ), to permit consistent awareness and recognition of reaching each level of relative discomfort throughout the study session. Definitions were as follows: (1) first sensation: when riding in a car, the driver pulls over to a rest stop to urinate, you would go as well; (2) first urge: when riding in a car, you would initiate the request to find a rest stop to urinate; (3) maximum tolerance: when riding in a car, you would urinate on the side of the road in bumper to bumper traffic. These detailed descriptors were used on the recommendation of our urogynecology clinicians, as they use in clinical practice (Dr Peter Sand, personal communication, written form, November 2011). These descriptor variables operationalize the International Continence Society's published definitions. 15 At each of these 3 descriptor thresholds a volumetric scan was performed. A prior study estimated these thresholds in healthy women as V fs = 180 mL, V fu = 270 mL, and V mt = 430 mL, and similar ranges are used widely in clinical practice. 16 When participants reached each descriptor, they rated their level of pain and urgency using a 10 cm visual analogue scale (VAS). The urgency scale was anchored at opposite ends with the descriptors "no urgency" and "worst urgency imaginable." Similarly, the pain scale was anchored at opposite ends with the descriptors "no pain" and "worst pain imaginable." In addition, every 15 minutes from the time that participants finished drinking the priming dose of water, they were instructed to evaluate their current level of pain and urgency using the same VAS measures. If a participant did not reach maximum tolerance at 45 and 60 minutes, respectively, she was asked to drink an additional 10 oz of water (maximum of 20 additional ounces) to encourage diuresis. The study was capped at 2 hours. At the beginning of the study, all of the participants voided, began hydration, and underwent a baseline scan. Every 15 minutes subsequently, participants indicated urgency and pain on a visual analogue scale (VAS) scale. Once the participant had attained first sensation of bladder distension, an US scan was performed. Additional scans were performed as the participants reached the prespecified, verbally anchored cystometric thresholds. If study was not completed by 45 and 60 minutes, the participant was instructed to drink an additional 10 oz of water at each point. The duration of the study was capped at 120 minutes.
All bladder scans were performed in a consistent manner by the sonographer (D.L.S.). The participants repeated this procedure 7 to 28 days after the first visit to establish within-individual stability of the bladder sensory thresholds. Scheduling was based on availability and participants could take part at any point during their menstrual cycle for each visit.
Volume Measurements
Bladder volume was measured using a Voluson 730 three-dimensional transabdominal 5.0 MHz ultrasound transducer (GE Healthcare, Wauwatosa, WI). The transducer was applied in a coronal axis against the abdomen just above the symphysis pubis. Measurement of bladder volumes was performed using the scanner's onboard Virtual Organ Computer-aided Analysis (VOCAL) software. First, the rendered image encompassing the bladder was sectioned into 6 planes separated by 30 degrees. The perimeter of the bladder on each section was electronically outlined using a computer trackball, and the total 3dimensional bladder volume reconstructed automatically from the collective tracings. For any boundary of the bladder that fell outside the transducer's capture window, we measured that boundary at the edge of the capture window.
Techniques and criteria for defining the bladder boundary using the onboard software were determined and agreed upon through discussion between the PI and sonographer and practiced in pilot studies. Research assistants were then trained on these methods, and selected scans were reviewed throughout the study for quality checks. To test interrater reliability, 16 sets of patient measurements were completed by both research assistants (A.E.E. and A.I.M.) blinded to each other's measurements. Once interrater reliability had been determined, the measurements used for the final descriptive analysis were chosen from a single set of measurements done by either the first author or 1 research assistant (A.E.E.).
Statistical Analysis
We performed a univariate analysis of data that included means, medians, and standard deviations (SDs). Normality of data was confirmed by the Shapiro-Wilks test and visual inspection. Bivariate comparisons for mean bladder volumes and potential predictors was performed for age, race, body mass index (BMI), menstrual cycle phase, urine production rate, and the serially reported VAS scores for pain and sensory urgency using t tests, ANOVA, and the Kruskal-Wallis test as appropriate. We used intraclass correlations to assess the reliability of repeat bladder volume measurement between sessions and between examiners, and report 95% confidence intervals (CI) to estimate retest reliability (1 mo). Calculations were performed either using Microsoft Excel XP (Richmond, VA) or STATA version 11.0 (College Station, TX).
Because validation of the sonographic estimates could not be estimated from the initial dataset, it was characterized subsequently in a different, prospectively recruited set of participants. This group of women was involved in a separate, IRB-approved prospective study of bladder sensitivity and pelvic pain. This cohort contained healthy controls (n = 8), patients with chronic pelvic pain (n = 3), and patients with painful bladder syndrome (n = 5). In this subset, 63% were white, whereas 32% were African American (1 participant did not provide race information), the average age was 31 years (SD = 8) and BMI was 28 (SD = 8). They voided at perceived maximal capacity into a calibrated container immediately after undergoing sonographic estimation using the same technique. Weighed urine volume was then compared with the sonographic estimates.
To demonstrate the utility of this novel measure, we also assessed the relationship between self-reported menstrual pain and these bladder sensitivity measures in the original cohort. Participants were asked to "indicate with 1 single tick mark the amount of pain you have with your average period" on a 10 cm VAS scale with the anchors "no pain" and "worst pain imaginable." The specific effect of self-reported menstrual pain on bladder pain, urgency, and capacity was evaluated at the previously described time points (first sensation, first urge, and maximum tolerance). One participant who was menopausal was excluded from this analysis. For each participant the average bladder pain, urgency, and capacity was calculated at each threshold. To isolate the effects of above-average and moderate-severe menstrual pain, respectively, the participants were divided into quartiles. ANOVA and Kruskal-Wallis tests as appropriate were performed on the composite data. Multiple comparisons tests were performed with the appropriate Holm-Sidak (parametric) or Dunn (nonparametric) method to identify whether an individual quartile was significantly affected by pain compared with the reference group of women experiencing below average menstrual pain (the 25% to 49% quartile).
RESULTS
Sonographic Bladder Measurements are Attractive to Volunteers
A total of 49 participants were enrolled with an average age of 24 years (SD = 8). Two thirds were white, and the vast majority had normal BMI ( Table 1 ). The majority of the participants (65%) were young (< 21 y) students from a nearby university. The participants were asked regarding current medications and 39% reported using oral contraceptives. The participants also reported taking antidepressants (8%), anticonvulsants (6%), or antianxiety medications (6%). None of the participants reported usage of pain medications or other medication suggestive of serious systemic disease other than insulin (n = 1) or atorvastatin (n = 1). The participants reported minimal bladder pain at baseline; using the first 15-minute assessment after water ingestion as a measure for initial bladder pain, only 3/ 49 women rated their pain VAS > 1 (maximum 4.4), and among the 10 women who were on their menses during the first visit, all women reported VAS <0.5/10. The menstrual phase at time of study varied with the luteal phase being most frequent (47%); 20% presented during their menses, and 25% in the follicular phase (8% could not be assigned a category). Only 1 participant was menopausal (2%). Age, race, BMI, and menstrual cycle phase had no effect on any of the mean bladder thresholds, self-rated pain, or self-rated urgency (P > 0.05 for all volumes). Forty-seven participants returned for follow-up visits within a month, with the majority occurring within 2 weeks (90%). One participant was unreachable, and another could not physically return within the month. Although acceptability was not systemically surveyed, none of the participants requested to stop participation in this study.
Sonographic Measurement is Reliable and Reproducible
The vast majority of participants reached maximum tolerance before the 2-hour mark (86% at first visit and 91% at second visit). Mean time (± SD) to first sensation, first urge, and maximum tolerance was 35 ± 16, 59 ± 20, and 84 ± 24 minutes, respectively. Estimated average bladder filling rates (calculated from postvoid to each sensory threshold) for the first visit increased over time (V fs = 4.4 ± 2.5 mL/min, V fu = 5.5 ± 2.2 mL/min, and V mt = 6.0 ± 1.8 mL/min, respectively) and were very similar at the second visit. Mean bladder volumes (mL) from each participant's first visit included: V fs (160 ± 100), V fu (310 ± 130), and V mt (500 ± 180); results were very similar at the second visit. No significant PVR was noted (mean PVR = 10 ± 10 mL; range, 0 to 50 mL) based on the measurements obtained at the start of the study. The complete results are listed in Table 2 . One-week retest reliability was ICC = 0.76 for V mt (95% CI, 0.64-0.88); values were lower for V fs (0.62; 95% CI, 0.44-0.80) and V fu (0.63; 95% CI, 0.47-0.80). Interrater reliability ranged from 0.99 to 1.0 for 16 overlapping measurements between 2 research assistants (A.E.E. and A.I.M.). Age, race, and BMI were not associated with sensory thresholds. Bladder filling rate was shown to positively correlate with all bladder sensory thresholds: V fs r = 0.53, V fu r = 0.59, V mt r = 0.64 (P < 0.0001 for all).
Self-reported Urgency and Pain Correlates With Calculated Bladder Volume
Self-reported pain and urgency scores, using VAS, positively correlated with sensory thresholds (pain, r = 0.25, urgency = 0.65; both P < 0.0001). Predictably, pain, and urgency scores steadily increased as the bladder filled ( Table 2 ). Neither age nor menstrual phase predicted sensory thresholds. Bladder filling rate was positively associated with all sensory thresholds as seen in Figure 3 (using rate calculated from postvoid to maximum tolerance, V fs r = 0.47 [95% CI, 0.21-0.67], V fu r = 0.59 [95% CI, 0.37-0.75], V mt r = 0.66 [95% CI, 0.46-0.79], all P-values <0.0001). This was similar regardless of which interval (up to first sensation or first urge) was used to calculate rate. We examined correlations between estimated bladder filling rate (based on maximal tolerance interval) and self-reported pain at all sensory thresholds and did not find any significant relationships (r = 0.03 to 0.10). In addition, we performed a regression analysis between urgency VAS and pain VAS across all 15-minute intervals, to provide a method of sensory examination independent of threshold criterion. Self-report of urgency was correlated to pain report (r = 0.54, P < 0.001).
Voided Volumes Correlate With Calculated Bladder Volume
To validate the accuracy of these sonographically measured volumes, particularly because a subset of bladder cross-sections had to be estimated at the transducer window limit, we performed additional post hoc analyses. As described above, 16 participants from an ongoing bladder pain evaluation study (healthy controls and women with IC/BPS or chronic pelvic pain) agreed to void into a urine collection canister upon reaching maximum bladder capacity. They all underwent sonographic estimate of bladder volume immediately before voiding as part of the overall study. One woman with >100 mL PVR was excluded from analysis; the remaining 15 had minimal PVRs (maximum 50 mL; mean PVR, 10 ± 20 mL). Estimated maximal capacity was 410 ± 160 mL, whereas actual voided volume was 460 ± 180 mL, and voided volume ranged from 60 to 700 mL. Sonographically measured volumes underestimated actual voided volume by an average of 70 ± 30 mL. Underestimation was reduced at actual volumes below 400 mL (on average 50 mL at true volumes <400 vs. 70 mL for true volumes > 400 mL). The estimated and actual volumes over this broad range were highly correlated (R 2 = 0.94, P < 0.0001).
Severity of Dysmenorrhea Increases Bladder Pain During Bladder Distension
To evaluate the effect of menstrual pain on bladder pain sensitivity, the participants in the main study were divided into quartiles based on their self-reported level of menstrual pain. We verified the primary difference between these quartiles, which was the self-reported level of menstrual pain ( Fig. 2A , P < 0.001) and not age or BMI (P > 0.05). Although most women in the bottom 3 quartiles of menstrual pain reported no bladder pain at first sensation, most participants in the highest quartile reported significant bladder pain at first sensation ( Fig. 2B , P < 0.05). Similarly, at first urge to void threshold, most women with moderate or more severe menstrual pain (pain above VAS 4.5 cm) were reporting a VAS bladder pain score of 3 cm or higher. In contrast the majority of participants in the other 3 quartiles were reporting minimal bladder pain. ANOVA (P < 0.05) and post hoc tests (P < 0.05) confirmed that women in the highest menstrual pain quartile reported elevated bladder pain at first urge. In contrast, most women reported some degree of bladder pain at the maximum tolerance threshold. At this suprathreshold bladder distension level, no significant effect of menstrual pain on reported bladder pain was observed.
To explain the mechanism underlying increased bladder pain in women with dysmenorrhea, the effects of menstrual pain on self-reported urgency and capacity were characterized. Notably, participants in the most severe dysmenorrhea quartile had increased reported urgency Fig. 2C , P < 0.05), but no significant difference in bladder capacity at first sensation (Fig. 2D ). Urgency or capacity was unrelated to dysmenorrhea status at higher bladder sensory thresholds. In summary, these findings show moderate to severe menstrual pain in a healthy population is associated with a slight increase in reported pain and urgency at first sensation and pain at first urge without any measurable effect on bladder compliance.
To establish whether increased pain report during bladder filling in participants with dysmenorrhea was influenced by being on their menses at the actual visit, the effects of menstrual cycle phase were examined. Twelve participants were identified who participated during both menses and another portion of their menstrual cycle, permitting a within-subjects analysis (Fig. 3 ). Although the difference between self-reported bladder pain during menses and at other portions of the menstrual cycle are not statistically significant (Ps > 0.4), participants most often reported less pain during diuresis in their menstrual phase. To verify these are consistent with the entire dataset, we performed multivariable regression analysis across selfreported pain intervals against the factors menstrual cycle phase, menstrual pain, and urgency (r = 0.57, P < 0.0001). Although menstrual cycle phase was not a contributing factor (b = À 0.05 ± 0.9, P = 0.60), menstrual pain (b = 0.13 ± 0.03, P < 0.0001) and urgency (b = 0.33 ±0.02, P < 0.0001) were significant factors. These findings refute the idea that increased pain during bladder filling occurs particularly during menstruation, and imply that severe dysmenorrhea is correlated with alterations in bladder pain sensitivity throughout the menstrual cycle.
DISCUSSION
Three-dimensional transabdominal ultrasound yields fairly accurate and reliable measure of bladder volumes at the thresholds of first sensation, first urge, and maximum tolerance. The mean volume measurements for each bladder sensory threshold resemble those determined by conventional cystometry, providing face validity for the technique. Compared with Wyndaele and De Wachter's 16 healthy volunteer study measured with cystometry, we found average thresholds to be slightly higher, and accounting for the sonographic underestimate of about 70 mL compared with actual volume we observed, noninvasive measurement of maximal bladder capacity likely is closer to 450 to 500 mL compared with the 429 mL they reported. The 1-week retest reliability results support temporal stability of bladder sensory thresholds and resemble the results reported by Broekhuis et al 17 using conventional cystometry.
Natural Diuresis is More Physiologically Relevant for Measuring Pain Thresholds Than Cystometry
We observed that the physiological bladder filling rate correlated with bladder sensory volumes. This supports a process of accommodation as noted by De Wachter et al, 18 who looked at the effects of different cystometric filling rates on bladder afferent nerve firing in rats. Increased filling rate was associated with an increase in the activation pressure threshold for bladder afferents. Notably, this is the opposite of findings at supraphysiological filling rates used in retrograde cystometry. The underlying neural activation at bladder filling rates of 50 to 100 mL/min compared with 2 to 5 mL/min is likely fundamentally different, explaining this discrepancy. One interesting hypothesis worth pursuing from this observation is that individuals with chronicially lower urine production rates could be at higher risk for subsequent development of sensory urgency or bladder pain.
Increased Nociceptive Mechanosensation in Dysmenorrhea Could Explain its Role as a Risk Factor in IC/PBS
In our initial application of this methodology, we found that women with high comorbid menstrual pain exhibit visceral allodynia, as they report bladder pain at physiologically innocuous distension volumes. This finding is consistent with other studies showing viscero-visceral organ cross-sensitization and associations between dysmenorrhea and IC/BPS. 4, 8 What is interesting about this is none of these women reported clinical symptoms of bladder dysfunction. Conceivably women with dysmenorrhea who experience repeated bouts of cross-organ inflammation in the bladder adjacent to the uterus may eventually be at higher risk for IC/BPS, resembling findings by Winnard et al 19 in an animal uterine pain model. This chronic exposure to uterine inflammation could produce bladder allodynia by the repeatedly demonstrated process in other pain models in which an adjacent tissue insult sensitizes mechanosensitive A fibers as well as increases convergence of A fibers onto C fibers. [20] [21] [22] [23] [24] Specifically, the alterations in mechanosensitivity could be produced by an increase in TRPV expression in the inferior hypogastric nerve, which projects to both the bladder and uterus. 25 TRPV channel expression is correlated with menstrual pain in humans, 26, 27 and TRPV expression increases bladder afferent sensitivity in mice. 28 However, it is quite likely that other ion channels such as TRPA are also contributing to increased visceral sensitivity simultaneously, 29 but have not yet been fully characterized in bladder pain models.
Another possible explanation at the systems level is that alterations in descending inhibition are impaired in patients with dysmenorrhea. Visceral distension is often sufficient to inhibit nociception in animals at other sites through the descending modulatory pathway. 30, 31 Indeed, rapid ingestion of large volumes of water in humans sufficient enough to produce stomach distension inhibits pain perception. 32 Compared with that prior study, our water loading is substantially smaller and over a more extended period (1500 vs. 600 to 1200 mL), but it is possible that bladder distension in healthy participants is also capable of activating the descending modulatory pathway. In patients with dysmenorrhea, accumulating evidence suggests that descending inhibition of nociception is impaired. 6, 33 Although women without dysmenorrhea significantly engage the periaqueductal gray during pain perception, a critical site in descending modulation, women with dysmenorrhea do not. 34 Although less likely, an alternative explanation would be that psychological factors such as catastrophization could be escalating these women's general perception of visceral pain. Indeed catastrophization and factors associated with it such as anxiety and depression are associated with more severe menstrual pain. [35] [36] [37] From a prevention standpoint for chronic pelvic pain, this finding deserves further investigation.
Limitations and Technical Issues
It is possible that the specific wording descriptors regarding traffic scenarios contributed to the slightly higher thresholds obtained in this study and future studies should carefully consider the effects of urgency descriptors on bladder capacity measurements. This study also excluded women with vaginal prolapse and this group will need further evaluation in future studies, although for studying bladder pain there seems to be little overlap between these conditions. Likewise, this approach needs to be tested in men, where its noninvasive profile may prove an even more attractive alternative to catheterization of the longer male urethra. Other sources of possible error include distortion of the bladder image by the abdominal wall, which might obscure precise delineation of the vesico-uterine ultrasound interface. Our ongoing study is recruiting women with a broader range of BMIs, which should address the issue of generalizability. For the measurements of maximum tolerance, estimates of the volume were necessitated by the boundary of the bladder extending past the scanned region. For studies of impaired bladder sensation this is less of an issue, as patients can be clearly confirmed as having a "normal" bladder capacity as long as it exceeds 400 to 600 mL. Our primary interest in developing this technique was to help profile IC/BPS patients by relative bladder sensitivity; at the low volumes of sensitivity typically seen in that population (< 250 mL capacity), these measures perform well with only an average underestimate of 50 mL. In clinical settings where time constraints exist, clinicians might be able to also limit the evaluation to first urge (which was reached in 74 min by 75% of our participants), and have patients simply assess maximum capacity by voiding at home.
We considered using direct catheterized volume measurement to validate the calculated volumes, but considerations for participant comfort led us to use voided estimates in normally voiding participants as an alternative preliminary validation. Our results show high correlation between the methods and acceptable clinical accuracy, particularly with the difference in volumes being <50 mL when actual volume is below 400 mL. Retrograde cystometry remains a well-studied tool for voiding dysfunction, but in women with sensory disorders, particularly bladder pain, this technique should be attractive as a noninvasive tool, as the range of clinically relevant assessment should fall within this range. As we have demonstrated with our dysmenorrhea substudy, this methodology could be particularly useful to characterize preclinical visceral hyperalgesia that may evolve into a chronic pelvic pain state. Potential factors of interest testable with this methodology might include manipulating external distractions, diet, and emotional priming to see changes in visceral sensitivity. The high interrater reliability supports easy adoption by other visceral pain researchers of our cystometric measurement technique, and 3-dimensional scanners are readily available in medical centers. Our naive research assistants were able to complete these training sets by reviewing the stored digital images within a couple of hours, spread over a month, despite no prior familiarity with the ultrasound equipment. Using the ultrasound machine's on-board VOCAL software, they were able to retrace the images in 2 to 3 minutes per set, using the archived images from previously evaluated participants. Although automated systems exist, they may misjudge female organs as part of the bladder and will ultimately require comparison with our manual approach to ensure optimal precision. Prior studies have shown that differences in volume of over 100 mL occur between true and estimated volume using the portable display-free methods. Moreover, they have been tested in a cohort of older male and female patients (mean age, 70 y), where the confounding effect of a normal-sized uterus is likely less apparent than the typical pelvic and IC/PBS sufferers who are of reproductive age. 9 In summary, these findings demonstrate the reliability and utility of this nociceptive diagnostic paradigm, which has intriguing applications to the study of visceral pain and cross-organ sensitization. Women with moderate to severe dysmenorrhea report increased bladder urgency and noxious perception at low thresholds. Future work clarifying the physiological pathway responsible for visceral pain perception could utilize this model.
